

PCJ/GB / UU j 1 3/. 



PCT/FTC 



INVESTOR IN PEOPLE 




JAN 2005 



The Patent Office 
Concept House 
Cardiff Road 
Newport - , 




South Wall 
NP10 8QC 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.Lc, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




An Executive Agency of the Department of Trade and Industry 



BEST AVAILABLE COPY f 



Signed 



Dated 7 August 2003 

PRIORITY 
DOCUMENT 




SUBMITTED OR TRANSMITTED IN 



Patents Form 1/77 



Paf <A<* 1977 
-4 



D 

JUL 2DQ2.*Ru3& 
| Office 



NEWPORT**.,^ 



Of 



Request for grant of a patent 

(See the notes on the back of this form. You can also get an 
explanatory leaflet from the Patent OlBce to help you fill in 
this form) 



1. Your reference 



30.IUL02 E73703i-i D05022 
P01/7700 0,00-0217554,5 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



PA0258 



2. Patent application number 

(The Patent OfGce will fill in this part) 



0217554.5 



so mi 2002 



3. Full name, address and postcode of the or of 
each applicant {underline all surnames} 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



AMERSHAM BIOSCIENCES UK LIMITED 

Amersham Place 

Little Chalfont 

Buckinghamshire 

HP7 9NA 

United Kingdom 



4. Title of the invention 



STIMULATING AND RECORDING DEVICE 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



HAMMER, Catriona, MacLeod; ROLLINS, Anthony, John and 

HAMMETT, Audrey, Grace, Campbell 

Amersham pic 

The Grove Centre 

White Lion Road 

Amersham 

Buckinghamshire HP7 9LL 



Patents ADP number (if you know it) 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number 

(if you know it) 



Date of filing 
(day /month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day /month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes* if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant or 

c) any named applicant is a corporate body. 
See note (d)) 



Yes 



Patents Form 1/77 



Patents Form 1/77 



9. . * ~ *.ter the number of sheets for any of the 
.^flowing items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 

Claims 
Abstract 

Drawings 

r 

10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 




1 
1 

2 




Request for substantive examination 

(Patents Form 10/77) 

Any other documents 

(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 



HAMMER, Catriona, MacLeod 




Date 

29 July 2002 



12 



Name and daytime telephone number of 
person to contact in the United Kingdom 



LIVINGSTONE, Helen 
01494 543390 



Warning " 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheer in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 




1 




STIMULATING AND RECORDING DEVICE 



Field of the Invention 

5 The present invention relates to devices of the type mentioned in the preambles of the 
independent claims for experiments on biological tissue. 

Prior Art 

In order to record the effect of electric stimuli on tissue, for example action potential analysis 
10 of cardiac muscle fibres preparations (e.g. Purkinje fibre), a time-consuming and labour- 
intensive experimental procedure is used. This typically involves (i) careful microdissection, 
(ii) tie-binding each end of the fibre into a perfusion bath (e.g. using thin nylon threads), (iii) 
beginning perfusion, (iv) pulling sharp glass electrodes, (v) electrolyte buffer-filling the 
electrodes, (vi) inserting an electrode into one end of the tied fibre to hopefully access a 
15 continuity with the intracellular compartment for stimulation), (vii) inserting an electrode into 
the other end of the tied fibre to hopefully access a continuity with the intracellular 
compartment for recording, (viii) filling a perfusion chamber with a buffer and/or drug, (ix) 
starting a stimulus-record protocol, delivered via one electrode and recorded through the 
other. 

20 Such a preparation by a skilled operator takes approximately 20 minutes. 
Summary of the Invention 

The present invention relates to an electrical stimulus-record device which through clamping 
- onto pieces of excitable tissue, provides a simple access method for measuring complex 
25 effects of drugs on different receptor and ion channel populations in a biological sample. . , 

According to the present invention, at least some of the problems with the prior art are solved 
by means of an electrical stimulus-record device having the features present in the 
characterising part of claim 1 . 
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Brief Description of the Figures 




Figure 1 shows a schematic view from above of one embodiment of a device in accordance 
with the present invention, 

Figures 2a)-2c) show enlarged schematic plan, front respectively lateral views of the device 
from figure 1, 

Detailed Description of Embodiments Illustrating the Invention 

In the following, any references to orientations such as up, down, upper side, lower side or the 
like, are intended to be non-limiting and are only used to make it easier to understand the 
present invention and, unless otherwise stated, they refer to possible embodiments of devices 
in accordance with the present invention when positioned in the working configuration. 
Furthermore the skilled person will understand that the relative positions of the components 
can be reversed and/or rearranged while still remaining in the scope of the present claims. 

A first embodiment of a tissue clamping and testing device 1 in accordance with the present 
invention is shown schematically in fig. 1 . Device 1 is shown enlarged in figures 2a)-2c) 
which are, respectively, plan, front and lateral schematic views of device 1. Device 1 
comprises a gripping mechanism formed of a base plate 3 onto which a movable clamping 
frame 5 is pivotably mounted by means of a hinge 7. Frame 5 comprises two parallel arms 9, 
each D mm (e.g. 10 mm) long, w mm wide (e.g. 1 mm) and t mm (e.g. 1mm thick), spaced a 
distance d (e.g. 2 mm) apart and each attached by a first end 1 1 to hinge 7. Frame 5 is 
pivotable from a working position, in which it is substantially parallel to the surface of base 
plate 3 with the arms 9 in a tissue clamping position over a tissue placement region 13, to a 
non-working position where arms 9 are not in a tissue clamping position over tissue 
placement region 13. The second end 15 of each arm 9 is joined to a buffer chamber 17 
mounted on, and extending between, arms 9. Buffer chamber 17 comprises a tubular open- 
ended bath portion 19 attached to the under surface of the periphery of a central hole 21 
formed in a flat plate 23 which is mounted on the upper surface of second end of arms 9. Bath 
portion 19 protrudes a distance p mm (e.g. 1 mm) which is sufficient to ensure that when it is 
clamped into contact with a piece of tissue its periphery forms a seal against the piece of 
tissue. A recording electrode 25 is positionable in bath portion 19. Recording electrode 25 is 
sufficiently long enough to penetrate sufficiently deep enough into the tissue so as to ensure 



electrical contact with living cells inside the tissue and is connectable to a recording means 
such as a computer (not shown). A bath electrode 26 positioned inside buffer chamber 17 and 
connectable to the recording means completes the recording circuit with the recording 
electrode. Buffer chamber 17 may contain a buffer liquid 16 which prevents the tissue from 
drying out and the buffer liquid may be supplied with, or exchanged for, other liquids such as 
nutrient liquids or drugs or drug candidates or the like. The same or a different liquid 18 may 
be provided in the space between the buffer chamber 17 and the frame arms 9. 

The underside 27 of each arm 9 is provided with a plurality of electrode teeth 29 resp. 29' 
which project down out of underside 27. Preferably electrode teeth 29, 29' are made of 
insulating material and have conducting tips that are sufficiently long enough to penetrate 
sufficiently deep enough into the tissue so as to ensure electrical contact with responsive cells 
inside the tissue. Preferably the teeth penetrate to a depth of from 0.05 mm to 2.0 mm, more 
preferably from 0.2 mm to 1.0 mm. The portion 33 of the base plate under the buffer chamber 
17. and extending beyond the electrode teeth 29, 29' is intended to receive a piece of tissue 35 
and this tissue receiving portion 33 may be provided with a gasket (not shown) in order to 
keep the tissue moist. The electrode teeth 29, 29' are pointed in order to be able to penetrate 
the piece of tissue 35 and provide good electrical contact with the piece of tissue 35. Electrode 
teeth 29, 29' are connectable to a power supply (not shown) which can be controlled, for 
example by a computer, to provide stimulating pulses to the piece of tissue. 

Frame 3 is preferably biased into the working position e.g. by biasing means such as a spring 
(not shown), and/or is provided with locking means (not shown) for releasably locking it in 
the working position. 

A method of using device 1 to hold apiece of tissue comprises the following steps: 

1) frame 3 is moved to a non-working position; 

2) a piece of tissue 35 is placed on tissue receiving portion 33; 

3) frame 3 is moved to the working position so that electrode teeth 29, 29' and recording 
electrode 25 penetrate into piece of tissue 35, thereby simultaneously clamping the tissue into 
place and establishing electrical contact with it. 



A method of experimenting on a piece of tissue may comprise the further steps 



4) applying stimulation pulses through electrodes 29, 29': 

5) recording through recording electrode 25 and bath electrode 26 the electrical signal 
produced by the tissue as a response to the stimulation pulses; 

6) changing the composition of the fluid in buffer chamber 17 and recording the electrical 
signal produced by the tissue as a response to the stimulation pulses and the change of the 
composition of the buffer fluid. 




Thus device 1 is able to produce a rapidly-actuating, but strong and reliable physical clamp of 
the tissue being tested which serves to overcome the confounding effects of excitation- 
induced contraction. The frame 3 also enables good electrical contact for delivery of stimuli at 
the periphery of the tissue 35, and at the same time the central region of the tissue is 
automatically punctured by the recording electrode 25. 

Figures 3a) and 3b) show a second embodiment of the present invention in which a simple 
gripping mechanism is provided with many recording electrodes that can be reliably and 
easily inserted at the same time by a device 41 provided with an array of recording electrodes 
55. The device is further provided with drug introducing means to introduce drug-containing 
solutions either to a surface of the tissue 35. Array 43 comprises a quadratic planar substrate 
45 with one face 47 intended to be brought into contact with a piece of tissue 35. Face 47 may 
be provided with a central quadratic grid 49 of microgrooves 51 which surround a plurality of 
electrode islands 53. Each electrode island 53 is in the shape of a square protuberance and is 
provided with a central recording electrode 55 which projects a short distance h (e.g. 0.05 - 
1.0 mm) out of the face 47 and which, when in use, is intended to penetrate a piece of tissue 
sufficiently deep enough to establish a reliable electrical contact with it. The electrodes 55 
extend though substrate 45, project out of the second face 57 of substrate and are connected to 
a data buss (not shown). Each electrode is surrounded by an insulating electrode sheath 59 
which during use seals against the piece of tissue and prevents short-circuit currents between 
electrodes. Two opposite edges of substrate 45 are provided with longitudinal clamping 
electrodes 61 which project a short distance k (e.g. 0.05 - 2.0 mm, preferably 0.1 -1.0 mm) 
out of the face 47 and which, when in use, are intended to penetrate a piece of tissue 
sufficiently deep enough so as to establish electrical contact with the tissue and to resistant 
contractile forces from the tissue. Microgrooves 51 may be used to allow drugs and other 
fluids to be introduced and to flow across the substrate 45 and therefore are made deep 



enough to avoid then being filled with tissue when the substrate 45 is clamped against a piece 
of tissue. Drugs and fluids maybe introduced to the microgrooves via an inlet hole 63 which 
extends through substrate 45 at one corner of the grid 49, and they may be removed from the 
microgrooves via an outlet hole 65 which extends through substrate 45 at the opposite comer 
of the grid 49. A clamping frame 71 (shown schematically by dashed lines) is able to be 
position over the face 47 of the substrate and can be moved towards the face 47 in order to 
force the electrodes to penetrate tissue 35. 

A device in accordance with the present invention enables continuous delivery of electrical 
stimuli and recording of responses via electrodes while dipping the device 1, 41 into different 
drug-containing or wash solutions, a procedure that can be carried out by an operator or robot 
arm or laboratory transport system. Preferably the ends of the electrodes are made sharp 
enough to penetrate solid tissue (e.g. with pointed (conical) tips). 

Embodiments of the present invention may use solid-state stimulus-recording electrode pairs. 
In such embodiments the arrangement and spacing of the stimulus electrode(s) and recording 
electrode(s) together with the appropriate insulating barriers are defined to maximise the 
number of simultaneous output signals (or facilitate their sequential recording) while 
minimising cross-talk between adjacent electrode pairs. Each electrode pair in an array may 
be programmable for sequential stimulus and recording, as commonly practised in the field, 
on sample tissues sliced and placed in a physical clamp, which is an intrinsic part of the 
electrode device. In arrays, the individual stimulus-record (S-R) electrode pairs may be 
packed closely together but separated by insulation to prevent cross-talk. 

In devices in accordance with the present invention as shown in figures 3 a) and 3b), the 
tissue sample is preferably kept moist, and its waste products removed, to increase its life 
span and is preferably locally perfusable/saturatable with drugs that can permeate to the cells 
being recorded. 

In devices in accordance with the present invention it is preferable that the penetration and 
holding frame should be of sufficient tenacity to overcome potential problems with elicited 
tissue contraction. Monitoring of these physical forces may be achieved by incorporation of a 
strain transducer between different points on the electrode array. 



Devices in accordance with the present invention which clamp on to a tissue sample while 
rendering it stimulatable and recordable, bring improvements (viz. rapidity, quality of device- 
to-tissue seal/access, consistency of recording, simplicity) over traditional approaches and 
enable presentation of the Captured' tissue to drug-containing and wash solutions in hitherto 
difficult formats (e.g. the tissue and the stimulus-record device as a unit may be inserted on to 
larger arrays or data buss devices for batch processing / recording and/or dipped in solutions 
controlled by a robot). 

The above mentioned embodiments are intended to illustrate the present invention and are not 
intended to limit the scope of protection claimed by the following claims. 



Claims 

1 . Device for stimulating a biological sample characterised in that it is provided with 
clamping means for clamping a sample, and electrodes for stimulating said sample, 
wherein said clamping means and electrodes are arranged such that when said biological 
sample is clamped by said clamping means, said electrodes substantially simultaneously 
penetrate said sample. 

2. Device in accordance with claim 1 characterised in that it also comprises at least one 
recording electrode. 

3. Device in accordance with claim 2 characterised in that said recording electrode is 
arranged such that when said biological sample is clamped by said clamping means, said 
recording electrode substantially simultaneously penetrates said sample. 

4. Device in accordance with any of claims 2-3 characterised in that it is provided with an 
array of recording electrodes. 

5. Device in accordance with any of the previous claims characterised in that it has a sample 
placement region and at least one movable clamping arm movable from a non-tissue 
clamping position to a tissue clamping position over said tissue placement position. 




Abstract 

Device for stimulating a biological sample characterised in that it is provided with clamping 
means for clamping a sample, and electrodes for stimulating said sample, wherein said 
clamping means and electrodes are arranged such that when said biological sample is clamped 
5 by said clamping means, said electrodes substantially simultaneously penetrate said sample. 

Fig 2 
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